Abstract. Currently, there is increasing interest in the in vivo protective effects of natural antioxidants found in dietary plants against oxidative damage caused by free radical species. Oxidative stress has been invoked as a causative agent in cancer and epidemiological data suggest that the consumption of fruits and vegetables may be associated with a lower incidence of cancer. The fruit of the Olea europaea L. and olive oil contain hundreds of phytochemicals and its extracts have recently been shown to exhibit antioxidant properties, due to the action of oleuropein. In view of these considerations, in this study, we investigated the effects of oleuropein on LNCaP and DU145 prostate cancer cell lines and on BPH-1 non-malignant cells. Oleuropein reduces cell viability and induces thiol group modifications, γ-glutamylcysteine synthetase, reactive oxygen species, pAkt and heme oxygenase-1. Exposing cell cultures to oleuropein induces an antioxidant effect on BPH-1 cells and a pro-oxidant effect on cancer cells. Our results confirm the beneficial properties of olive oil and oleuropein, suggesting its possible use as an adjuvant agent in the treatment of prostatitis, in order to prevent the transformation of hypertrophic to cancerous cells.
Introduction
Epidemiological studies have shown that the incidence of atherosclerosis, cardiovascular diseases and certain types of cancer is lower in the Mediterranean area than in other areas (1, 2) . The lower rate of large bowel, breast, endometrial, as well as prostate cancers, described by a number of epidemiological studies, besides possible genetics factors, is also attributed to the characteristic type of diet of the local population. The Mediterranean diet, unlike that of Northern Europe and America, is characterized by a high consumption of vegetables, cereals, fruit, fish, wine and olive oil. The beneficial effects of the Mediterranean diet against cardiovascular diseases and cancer have been attributed to the natural antioxidants contained therein, particularly ascorbic acid, tocopherols, β-carotene, anthocyanins and other polyphenols (3) (4) (5) (6) (7) . A number of studies have reported a direct correlation between total phenolic content and antioxidant activity in fruits and vegetables (6, 7) .
Since olive oil is the major energy source in the Mediterranean diet, several studies were recently conducted on the beneficial effects of olive oil, a product extracted mechanically from olives, the fruit of Olea europaea L. (Oleaceae family) (8, 9) . Olea europaea L. is native to the Mediterranean basin and parts of Asia Minor. Its fruit, the olive, and olive oil have a wide range of therapeutic and culinary applications. Historically, the products of Olea europaea L. have been used as aphrodisiacs, emollients, laxatives, sedatives and tonics. Specific conditions traditionally treated include colic, alopecia, paralysis, rheumatic pain, sciatica and hypertension (10) .
A number of studies have reported that olive oil is more effective against cancer than other forms of added lipids, due to its high content of monounsaturated fatty acids (8, 9, 11) . A diet containing 15% olive oil has been shown to significantly reduce pre-cancerous lesions in rat breast and colon (12, 13) . However, similar amounts of soy oil do not have such a protective effect (14) . Furthermore, a previous study showed that the incidence of breast cancer was 70% less in the rat group fed olive oil than in the group fed safflower oil (8, 9) . These data suggest that the cancer preventive effect of olive oil is not only due to its 'good' fat content but also recent evidence suggests that minor compounds in olive oil may play a role in cancer protection, focusing attention on its phenolic compounds. These properties are also attributed to the phenolic compounds of olive leaves. Currently, there is an increasing interest in the phenolic compounds in olive by-products, due to their biological properties. Olive oil polyphenols show beneficial antioxidant activities (15, 16 compounds are a consequence of the reaction of the olive tree to pathogen attack and its response to insect injuries. There are five groups of phenolic compounds principally present in olive leaves: oleuropeosides (oleuropein, verbascoside), flavones (luteolin-7-glucoside, apigenin-7-glucoside), flavonols (rutin), flavan-3-ols (catechins) and substituted phenols (tyrosol, hydroxytyrosol, vanillin) (10) .
The most abundant compound in olive leaves is oleuropein, followed by hydroxytyrosol, the flavone-7-glucosides of luteolin and apigenin, and verbascoside (17) . Oleuropein, discovered in 1908 by Bourquelot and Vintilesco, is a heterosidic ester of elenolic acid and dihydroxyphenylethanol (17, 18) . Oleuropein, is the major constituent of the secoiridoid family. Upon hydrolysis, oleuropein can produce other bioactive substances, namely eleonolic acid and hydroxytyrosol. Oleuropein is present in high amounts in unprocessed olive fruit and leaves, while hydroxytyrosol is more abundant in processed olive fruit and olive oil.
A number of studies have shown that oleuropein possesses a wide range of pharmacological and health promoting properties including antiarrhythmic, spasmolytic, cardioprotective, hypotensive and anti-inflammatory properties (19, 20) . It has been shown that oleuropein prevents cardiac disease by protecting membranes from lipid oxidation, affecting coronary blood vessel dilation, exerting antiarrhythmic action and improving lipid metabolism (17, 21) . It has been suggested that many of these properties are a result of its antioxidant character (19, 20) .
In vivo and in vitro studies on the activity of oleuropein have found that it has antiangiogenic action and is able to inhibit tumour cell growth and invasiveness (22, 23) . However, many of the in vitro studies were performed solely with cells derived from malignant tissues; instead, an important aspect of the present study was the comparative responses of normal and malignant cells to the test agents. The effect of oleuropein was tested on LNCaP and DU145, two different human prostate cancer cell lines which represent two different stages of the disease, and on BPH-1, a non malignant cell line.
Materials and methods
Chemicals. Polyclonal γ-glutamylcysteine synthetase (γ-GCS) antibody was obtained from Abcam (Victoria, BC, Canada). Secondary horseradish peroxidase-conjugated anti-rabbit antibody was from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The Enhanced Chemiluminescence System for developing immunoblots and nitrocellulose membranes were purchased from Amersham (Milan, Italy). The ELISA kit, used to measure heme oxygenase-1 (HO-1) protein concentration, was from Stressgen Biotechnologies (Victoria, BC, Canada). The Upstate pAKT 1 kit, used to measure pAKT(Thr308) and pAKT(Ser473), was from Millipore (Billerica, MA, USA). 3(4,5-dimethylthiazol-2-yl)2,5-diphenyl-tetrazolium bromide (MTT) and 2',7'-dichlorofluorescein diacetate (DCFH-DA) were obtained from Sigma Aldrich Co. (St. Louis, MO, USA). All other chemicals were purchased from Gibco-BRL Life Technologies (Grand Island, NY, USA).
Cell culture and treatments. Benign prostate hyperplasia epithelial cells (BPH-1) were grown in RPMI-1640 medium supplemented with 10% fetal calf serum, 1 mM glutamine and 10 µl/ml penicillin-streptomycin.
Human prostate cancer androgen-responsive LNCaP and androgen non-responsive DU145 cells were purchased from the American Type Culture Collection (ATCC, Rockville, MD, USA). The LNCaP cell line was grown in RPMI-1640 medium supplemented with 10% fetal calf serum, 1 mM glutamine and 10 µl/ml penicillin-streptomycin. DU145 cells were maintained in Earle's Minimal Essential Medium (EMEM), containing 10% fetal calf serum, 1 mM glutamine, antibiotics (50 IU/ml penicillin and 50 µg/ml streptomycin) and 1% nonessential amino acids.
The cells were plated at a constant density to obtain identical experimental conditions in the different tests, thereby ensuring high accuracy of the measurements. After 24-h incubation at 37˚C under a humidified 5% CO 2 /95% air mixture to allow cell attachment, the cells were treated with different concentrations of oleuropein (100-500 µM), and incubated for 72 h under the same conditions. Four replicates were performed for each sample.
MTT bioassay. To monitor cell viability, the cells were plated at 8x10 3 cells per well of a 96-multiwell flat-bottomed 200 µl microplate (24) . The optical density of each well sample was measured with a microplate spectrophotometer reader (Titertek Multiskan, Flow Laboratories, Helsinki, Finland) at λ=570 nm.
Lactic dehydrogenase release. Lactate dehydrogenase (LDH) release was measured to evaluate the presence of cell necrosis as a result of cell disruption, subsequent to membrane rupture. LDH activity was measured spectrophotometrically in the culture medium and in the cellular lysates, at λ=340 nm by analyzing NADH consumption (24) .
The percentage of LDH release was calculated as the percentage of the total amount, considered as the sum of the enzymatic activity present in the cellular lysate and that in the culture medium.
Thiol group determination. Thiol groups were measured by using a spectophotometric assay as previously described (25) . Results are expressed as µmol/mg protein. Protein concentration was measured according to the method described by Bradford (26) .
Reactive oxygen species (ROS) assay. Determination of ROS was performed by using a fluorescent probe 2' ,7'-dichlorofluorescein diacetate (DCFH-DA), as previously described (27) . The fluorescence [corresponding to the oxidised radical species 2' ,7'-dichlorofluorescein (DCF)] was monitored spectrofluorometrically (excitation, λ=488 nm; emission, λ=525 nm). The total protein content was evaluated for each sample, and the results are reported as percentage increase in fluorescence intensity/mg protein with respect to control (untreated) cells. Protein concentration was measured according to the method described by Bradford (26) .
Western blot analysis. BPH-1, DU145 and LNCaP cells were harvested using cell lysis buffer, the lysate was collected for western blot analysis and protein levels were visualized by immunoblotting with antibody against γ-GCS as previously described (24) .
HO-1 measurements.
A commercially available enzyme-linked immunosorbent assay (ELISA) kit was used to measure HO-1 protein concentration in cellular lysates. The assay was performed in accordance with the protocol provided by the manufacturer.
Absorbance at λ=450 nm was measured and HO-1 concentration was calculated from a standard curve generated with purified HO-1 (28) . The limits of detection provided by the manufacturer were 0.78-25 ng/ml. Results are expressed as ng/ mg protein. Each measurement was performed in triplicate and averages were reported.
Akt/PKB measurements. A commercially available Upstate colorimetric Signal Transduction Assay Reaction (STAR) ELISA kit was used to measure phospho-Akt(Thr308) and phospho-Akt(Ser473) in cellular lysate. The assay was performed in accordance with the protocol provided by the manufacturer (29) .
The absorbance was measured at λ=450 nm using a plate reader, and p-Akt(Thr308) and p-Akt(Ser473) concentrations were calculated from a standard curve. The limits of detection provided by the manufacturer were 0.3-2 ng/ml. Each measurement was performed in triplicate and averages were reported. Results are expressed as U/ng total Akt.
Statistical analysis.
One-way analysis of variance (ANOVA) followed by Bonferroni's t-test was performed in order to estimate significant differences among groups. Data are reported as mean values ± SD and differences between groups were considered to be significant at p<0.005.
Results

Effects of oleuropein on BPH-1, LNCaP and DU145 cell viability.
MTT assay was performed to monitor cell viability, measuring the conversion of tetrazolium salt to yield colored formazan, the amount of which is proportional to the number of living cells. The treatment of BPH-1, LNCaP and DU145 cells with 100-500 µM oleuropein for 72 h resulted in a significant reduction in cell viability, particularly evident in LNCaP and DU145 cells (Fig. 1) .
The results showed a dose-dependent inhibitory effect on succinate dehydrogenase activity, the major mitochondrial enzyme responsible for the MTT formazan conversion, with high concentrations (100-500 µM) of oleuropein, whereas low (5-50 µM) concentrations did not modify cell viability (data not shown).
LDH release. Necrosis results in a distruption of cytoplasmic membrane with the consequent release of cytoplasmic LDH into the medium. We therefore examined the membrane integrity and hence the rate of necrosis in the treated cells by determining the percentage of LDH activity released into the culture medium.
As shown in Fig. 2 , the presence of 100 µM oleuropein in the culture medium did not significantly change LDH release in BPH-1 and LNCaP cells, whereas the same dosage caused a significant increase of LDH release in DU145 cells. The highest oleuropein concentration (500 µM) induced necrosis in all three cell types, although it was more efficient in DU145 cell line.
ROS assay. ROS are believed to be involved in cell death induced by a variety of stimuli and some antitumoural agents. Therefore, we tested the hypothesis that oleuropein-induced cell death may be related to an elevation in ROS levels. ROS levels were determined using the fluorescent probe, DCFH-DA. This probe diffuses into the cells, intracellular esterases hydrolyze the acetate groups and the resulting DCFH then reacts with intracellular oxidants resulting in the observed fluorescence.
The intensity of fluorescence was proportional to the levels of intracellular oxidant species. As shown in Fig. 3 , 72-h exposure of BPH-1 cells to both 100 or 500 µM oleuropein resulted in a significant decrease in ROS levels. No change in ROS production was observed in the LNCaP cells under the same experimental conditions. However, when DU145 cells were treated with 100-500 µM oleuropein for 72 h, the fluorescence intensity significantly increased with respect to the untreated cells.
Thiol groups (RSH).
As thiols represent an important defence against oxidative stress, the determination of non-proteic thiol groups was carried out in order to confirm the involvement of radical/oxidative species in the oleuropein action mechanism.
Untreated LNCaP and DU145 cells showed higher levels of thiol groups than BPH-1 cells (Fig. 4) . The treatment of BPH-1 cells with oleuropein resulted in a significant, dose-dependent increase in the levels of thiol groups. A similar, although less marked, increase was observed in LNCaP cells.
The effect of oleuropein on DU145 cells consisted of a significant increase in RSH levels at 100 µM oleuropein but, unlike BPH-1 and LNCaP cells, exposure of DU145 cells to 500 µM oleuropein for 72 h led to a significant decrease in RSH levels (Fig. 4) .
HO-1 expression by ELISA.
The expression of the enzymatic protein, HO-1, was investigated in BPH-1, LNCaP and DU145 cells using an ELISA kit. The results are reported in Table I . BPH-1 cells showed basal levels lower than those in LNCaP and DU145 cells.
In BPH-1 cells the addition of both 100 µM and 500 µM oleuropein resulted in the upregulation of HO-1 protein. The treatment of LNCaP cells with 100-500 µM oleuropein resulted in a significant increase in HO-1 expression; by contrast, oleuropein caused a significant decrease in HO-1 protein expression in DU145.
γ-GCS determination. Western blot analysis carried out on cell lysates showed that untreated BPH-1 and LNCaP cells exhibited very low levels of γ-GCS, contrary to DU145 cells where the enzyme was more expressed (Fig. 5) . The γ-GCS expression was not modified in the oleuropein-treated DU145 cells.
p-Akt/PKB measurements. In the oleoropein-treated BPH-1, LNCaP and DU145 cells, p-Akt(Thr308) and p-Akt (Ser473) were significantly reduced with respect to the control cells. This reduction was more evident in the DU145 cells (Table II) . In addition, these cells showed higher basal levels of p-Akt(Thr308) and p-Akt(Ser473) than the BPH-1 and LNCaP cells.
Discussion
In recent years, the anti-cancer effects of a variety of bioactive food components have become the focus of a great deal of attention in cancer research, owing primarily to their potential cancer-preventive properties.
Prostate cancer is the sixth most common cancer worldwide, the third most common cancer in men, and the second leading cause of cancer-related mortality in men in Western countries (30) . Approximately 80-90% of prostate cancers are androgen-dependent at initial diagnosis. Both androgen and androgen receptor (AR) are recognized risk factors in the development of prostate cancer (31, 32) . These observations are further corroborated by genetic evidence from transgenic mouse models suggesting that increased AR signaling in the prostate is linked to an increase in pre-cancerous lesions (33) . Since an elevated level of androgen causes an enhancement of prostate cancer, the reduction of circulating levels of androgens is a key to the treatment of prostate cancer (31, 34, 35) . Androgen ablation therapy ultimately fails, and prostate cancer progresses to a hormone refractory state. As regards metastatic disease, few curative therapies currently exist, and treatment generally has been palliative (30) . Relapse and metastases occur frequently and in general, are unresponsive to conventional therapy. Therefore, novel approaches are required to treat advanced prostate cancer and the identification of bioactive compounds with the ability to suppress prostate cancer growth promises to be an effective strategy for the therapy of this disease. A significant proportion of cancers are believed to be preventable. It is estimated that one-third of all cancers are preventable simply through modification of diet, maintenance of optimum body weight, and regular physical activity (36, 37) . The vast structural diversity of natural compounds found in plants, provides unique opportunities for discovering new drugs that rationally target the abnormal molecular and biochemical signals leading to cancer.
Previous studies on ethnomedicine, together with extensive laboratory findings, have indicated that flavonoids and triterpenic compounds play an important role in the prevention and treatment of cancer (38) . Some phenolic compounds and natural triterpenoids such as oleanolic, betulinic and ursolic acids have shown notable effects in suppressing tumourigenesis, as well as in inhibiting tumours (37) (38) (39) (40) . Many nutritional and non-nutritional phytochemicals with diverse biological properties have shown promise in the prevention and/or treatment of prostate cancer (41) .
In recent years, there has been great interest in the health effects of various herbal teas. The olive leaf is one of the most common, traditional herbal teas used among Mediterranean people to cure certain diseases. These properties are attributed to the natural compounds contained in olive leaves.
It is reasonable to hypothesize that some of the phenolic compounds present in olive oil, which have been shown to afford considerable protection against aging, coronary heart disease and cancer by inhibiting, for instance, oxidative stress, may also exhibit anti-cancer effects (42, 43) . It has been reported that oleuropein, the most abundant polyphenol in olive leaves, is a potent antioxidant endowed with anti-inflammatory and anti-neoplastic properties. The anticancer properties of oleuropein have been confirmed in vitro on different cancer cell lines. In agreement with these studies, our results show that oleuropein decreases prostate cancer cell proliferation and induces necrotic cell death (Fig. 1) . The cytotoxic activity of oleuropein was particularly evident in LNCaP and DU145 cells. In these same cell lines, a significant increase in LDH release after 72 h of exposure at the highest dose of oleuropein (500 µM) was observed (Fig. 2) . These data are in agreement with those from other studies and confirm the involvement of oxidative stress in the oleuropein toxicity (44, 45) . In addition, our results suggest that DU145 cells show a different susceptibility to necrosis induced by oleuropein. This compound induces approximately 50% of LDH release even at concentrations of 100 µM. The measurement of ROS was undertaken in order to examine the role of oxidative stress in the oleuropein mechanism of action.
Certain studies have demonstrated that phenolic compounds with high reducing ability can not only be antioxidants but also pro-oxidants, thus generating ROS (46) . It is interesting to note that many human cancer cell types exist in a highly oxidative state due to decreased antioxidant protective enzyme levels compared to their normal tissue counterparts. Thus, cancer cells may be more sensitive to ROS generation within the cells. In our study, we observed that LNCaP and DU145 cells showed basal levels of ROS higher than those in BPH-1 cells (Fig. 3) . In BPH-1 cells oleuropein induced a significant reduction in ROS levels, while oleuropein did not cause any effect on LNCaP cells. In DU145 cells, oleuropein caused a significant dose-dependent increase in the levels of ROS. These results suggest that oleuropein behaves as an antioxidant in BPH-1 cells and as pro-oxidant in neoplastic cells.
The antioxidant activity of oleuropein in BPH-1 cells was confirmed by the results obtained from the thiol group determination. In BPH-1 cells, this phenolic compound induced a significant dose-dependent increase in RSH levels; a similar, but less marked, increase was observed in LNCaP cell lines. In addition, we observed that 500 µM oleuropein reduced RSH groups in DU145 cells in a dose-dependent manner (Fig. 4) . This duality of action suggests that the antioxidant action of oleuropein is not direct, but rather that its action is mediated by other intracellular factors inducible only in benign cells.
It has been reported that the prolonged activation of inflammatory cells generates ROS which can damage host DNA and tissues and contribute to carcinogenesis (47) . However the mechanisms of carcinogenesis associated with infection and inflammation have not been fully elucidated. Three main mechanisms have been proposed to account for infectionassociated carcinogenesis: i) direct action of the infectious agent on host cells or tissues; ii) immunosuppression; and iii) elevated production of ROS. Inflammation then facilitates the initiation of normal cells and their growth and the progression to malignancy through the production of inflammatory oxidants inducing oxidative stress. It is known that persistent oxidative stress within carcinoma cells may be responsible for the activation of growth-promoting signaling pathways and increased resistance to apoptosis (48) .
In this study, we also evaluated the expression of HO-1, one of the most effective mechanisms for cellular protection against oxidative stress. HO-1, the rate limiting enzyme of heme catabolism, is a powerful antioxidant enzyme. The expression of HO-1 is increased by redox signals such as heme, UV radiation, heavy metals, cytokines and ROS (49, 50) . By contrast, an increase in thiols and antioxidants inhibits the transcription of the HO-1 gene (51) .
The role of HO-1 in cancer biology is far from being completely understood. In cancer, HO-1 has been described as a pro-tumoural molecule due to its antiapoptotic effects on colon cancer and hepatoma on murine models and its proangiogenic effects in human pancreatic cancer (52, 53) . By contrast, in human tongue cancer, low HO-1 expression has been associated with an increased risk of developing lymph node metastasis (54) .
In our study, we observed a different expression of HO-1 in untreated BPH-1, LNCaP and DU145 cells, with a higher expression of this protein in cancerous cells than in BPH-1 cells. Of particular relevance is the different effect elicited by the treatment with oleuropein: a significant increase in HO-1 expression was observed in BPH-1 cells treated with 500 µM oleuropein while this increase was absent in DU145 cells (Table I) .
These results confirm that in BPH-1 cells the antioxidant activity of oleuropein is due to its ability to induce the expression of HO-1 and also to increase RSH levels (55) . This effect has also been reported for other polyphenolic compounds and seems to be due not only to their chemical reactivity toward free radicals and their capacity to prevent the oxidation of important intracellular components, but also to their ability to act as transcription factors, operating on the promoter of the area referred to as 'antioxidant responsive element' (ARE) (55, 56) . ARE is present in the promoter region of genes encoding antioxidant enzymes, such as HO-1, glutathione-S-transferase, γ-GCS and NADPH quinone oxidoreductase-1 (57) .
The results reported in this study demonstrate that, when added to the culture medium of cancer cells, oleuropein behaves as a pro-oxidant, due to different promoter accessibility/susceptibility or, alternatively, as these cells, in which HO-1 is already overexpressed under normal conditions, would not be able to further respond to stressful oxidative stimuli.
It is known that γ-GCS can be considered one of the major antioxidant enzymes, as it is the rate-limiting enzyme in reduced gluthatione synthesis. The connection between γ-GCS and neoplastic transformation has been highlighted in a number of experimental models of chemical carcinogenesis in laboratory animals. However, the mechanisms underlying the increased γ-GCS expression induced by carcinogenic treatments are not clearly understood (58) . The expression of γ-GCS in cancer cells may represent an important factor in the appearance of a more aggressive and resistant phenotype. In agreement with these studies, we observed that DU145 cells showed higher basal levels of γ-GCS protein than BPH-1 and LNCaP cells. Furthermore, the expression of γ-GCS was not modified in oleuropein-treated DU145 cells (Fig. 5 ) and this phenomenon may correlate with the ability of oleuropein to act on ROS generation rather than on the synthesis of glutathione.
A number of chemopreventive agents including lycopene, soy isoflavones, green tea polyphenols and curcumin have shown inhibitory activities on prostate carcinogenesis through the regulation of major cell signaling pathways, such as the ARs, NF-κB, Wnt, Hh, Notch and Akt (38) . Studies have shown that Akt can phosphorylate the AR at Ser-210/213 and Ser-790/791, and transactivate the activity of AR independent of androgen signaling (59) . The phosphorylation of Akt also sensitizes the AR to low circulating androgen levels, such as those present during maximum androgen blockade (60) . This sensitization allows low levels of androgens to induce phosphorylation at specific sites, which is required for the translocation of the AR to the nucleus. Therefore, Akt is an important activator of the AR, which is required for the androgen-independent survival and growth of prostate cancer cells.
To elucidate clearly the functions of oleuropein, we also evaluated the Akt signaling pathway. Cancer cells are known to have alterations in multiple cellular signaling pathways. In prostate cancer cells, the altered proteins produced as a result of gene mutations or defects affect the way these cells communicate with each other. Alterations in cellular signaling pathways can occur at different stages of prostate cancer from early to advanced disease. It has been reported that Akt is activated by phospholipid binding and phosphorylation at Thr-308 by phosphoinositide-dependent protein kinase-1 and at Ser-473 by phosphoinositide-dependent protein kinase-2 (61) . Activated Akt promotes cell survival by inhibiting apoptosis through the inactivation of several pro-apoptotic factors including Bad, Forkhead transcription factors, and caspase-9 (62, 63) . Our results demonstrated that the oleuropein treatment of BPH-1, LNCaP and DU145 cells significantly reduced pAkt(Ser473) and Akt(Thr308) ( Table II) . In addition, we observed that DU145 cells showed higher basal levels of pAkt(Ser473) and Akt(Thr308) than BPH-1 and LNCaP cells. Therefore, oleuropein can induce apoptosis through the downregulation of pAkt, suggesting an inhibitory effect on Akt signaling. These results are consistent with previous studies showing that natural antioxidants could induce apoptosis through the regulation of Akt (64) . As with other natural agents which target multiple pathways, oleuropein treatment could be useful both for the prevention of tumour progression and/or therapy, either alone or in combination with conventional preventive or therapeutic agents for the prevention and/or treatment of prostate cancer. However the selectivity of action of oleuropein which allows it to discriminate between cancer and normal cells renders it a very useful tool in the treatment of prostatitis and in preventing the transformation of hypertrophic into cancerous cells, further supporting the growing body of data confirming the bioactivity of natural compounds and their potential use in cancer therapy.
